ABSTRACT: Sublittoral hard bottom assemblages in the 'Abra de Bilbao' bay (N. Spain) were described in terms of biomass in order to record spatial changes on scales of a few km that reflect the prevalence of perturbation gradients. Several criteria and levels of data aggregation were proposed and tested in an attempt to obtain information on the degree of redundancy achieved by such communities for further monitoring programmes. The area of study is at present recovering from a highly stressed situation of turbidity and sedimentation. In this way, the fauna/flora biomass ratio (A/V) proved to be a useful descriptor indicative of several environmental conditions from healthy to grossly perturbed on rocky communities. In addition, the high degree of redundancy shown by the macrozoobenthos allows efforts to be concentrated on only the faunal component, using different approaches and data aggregation levels. As a result, the cost-effectiveness of monitoring programmes could increase considerably. Moreover, the use of several techniques (univariate, multivariate) and approaches (taxonomic, trophic, mixed) is recommended for the monitoring of hard bottom communities, in order to test the robustness of the results obtained and achieve other complementary perspectives upon the biota with the same data sets. In this case study, relevant information was acquired on the possible temporal changes of intermediate zones of the 'Abra de Bilbao' due to the biological recovery of the area. Therefore, an adequate combination of biomass values and the concepts of redundancy-sufficiency is suggested as a realistic way of developing future monitoring programmes for rocky shores in other areas.
INTRODUCTION
Detecting ecologically significant changes related to habitat degradation or to the effectiveness of restoration programmes is generally one of the objectives of environmental monitoring and assessment programmes (Dauer et al. 1993 ). In the context of marine environments, studies focused on the benthos are considered to exhibit the greatest potential for revealing the environmental conditions in a site (Bilyard 1987 , Gray et al. 1990 , Diaz 1992 , Jan et al. 1994 , with the community being the level of biological organization most popular for environmental studies , Smith et al. 1988 , Underwood 1993 , Warwick 1993 . Specifically, the macrobenthos is the most widely used biotic component (Warwick 1993) . At present, knowledge about the macrozoobenthic species in temperate coastal areas is large enough to guarantee their realistic use in environmental monitoring programmes (Warwick 1988a , Clarke & Warwick 1994 .
Of all the coastal habitats, those made up of rocks or coral reefs are the most densely inhabited by macroorganisms (Sebens 1985 , Jan et al. 1994 ). Moreover, a growing interest has been recently shown in the use of the structure of sublittoral benthic communities on hard substrata for ecological monitoring (Kluijver & Leewis 1994) . However, subtidal, sessile, hard-substrata epibiota cannot be studied easily by the standard quantitative methods applicable to soft bottoms. Quantification of rocky communities may be done using biomass measurements (Hatcher 1995) . Moreover, the use of biomass values has been accepted as a more objective measure of community structure, in comparison with abundance countings or coverage estimates, since it represents an estimate of the quantity of living substance in organisms (Warwick 1993 , Clarke & Warwick 1994 , Palmerini & Bianchi 1994 . This approach is more appropriate when pollution gradients have to be considered (Warwick 1988a ) and closer to the concept of energy-flow through the different compartments of a community (Brower & Zar 1984 , McQuaid & Branch 1984 .
The main goal in designing environmental impact studies for rocky habitats may be the development of more cost-effective monitoring strategies. In order to reduce the effort and increase the efficiency of monitoring programmes, analyses may be based upon reduced data sets, either using indicator organisms (see, for example, Bellan 1984 , Reish 1986 , Soule & Kleppel 1988 or by using taxonomic units higher than species (see, for example, Heip et al. 1988 , Warwick 1988a ,b, Ferraro & Cole 1990 , Gray et al. 1990 , Somerfield & Clarke 1995 , Olsgard et al. 1997 , Chapman 1998 .
It seems evident today that the concept of taxonomic sufficiency (Ellis 1985) has gained many supporters. In most monitoring programmes, identifying organisms only to the taxonomic level necessary and sufficient to meet a study's objectives is required. Hence, identifying animals or plants to the level of species is not always necessary, since many species may be interchangeable in the way these species characterize the samples (Clarke & Warwick 1998 ). In addition, certain theoretical and practical advantages have been described for the use of taxonomic aggregation levels higher than species (Clarke & Warwick 1994) . With regard to hard bottom assemblages, the existence of taxonomic redundancy has been previously suggested for other localities on the North coast of the Iberian Peninsula (Juanes & Canteras 1995) as well as for the area studied here (Urkiaga-Alberdi et al. 1999 , PagolaCarte & Saiz-Salinas 2000 . Frequently, additional information is obtained if the taxonomic approach is also complemented by certain other criteria such as size classes (see, for example, Schwinghamer 1981 , Warwick 1984 , trophic groups (see, for example, Roth & Wilson 1998) , ecological guilds (see, for example, Sale & Guy 1992) or even morphological similarity of organisms (Hatcher 1995) .
Pilot studies are often time-consuming but generally considered a critical beginning in ecological research (Chapman 1998 , Glasby 1998 , and references therein). The main conclusion of a pilot study carried out in 1997 in the man-altered 'Abra de Bilbao' bay, was the final recommendation that subsequent monitoring programmes should focus on both the subtidal zone and taxonomically aggregated biomass measures of the biota, as little loss of information was noted (Pagola-Carte & Saiz-Salinas 2000) . All this would allow more efforts to be concentrated on obtaining further information from additional replicates or even from new sampling sites. In 1998 a second sampling survey was developed in the sublittoral zone of the investigated area, taking into account the recommendations indicated, with the purpose of increasing the efficiency of the monitoring programme. The present paper constitutes the results of that study. As the 'Abra de Bilbao' is a sort of semienclosed embayment with a river discharge in its innermost part, the main spatial pattern of the biotic responses was expected to be located along the longitudinal axis of the bay towards the open sea. In this context, the main objectives are: (1) to record the spatial differences in sublittoral hard substrate communities of the 'Abra de Bilbao' bay and adjacent rocky coast by using biomass measures; (2) to describe and quantify the importance of macrozoobenthic biomass, both by means of its own ecological value and in relation to the autotrophic compartment of the benthos (algae); (3) to test new criteria and to explore different levels of data aggregation, in order to determine the extent of biological redundancy accumulated on these rocky shore communities.
MATERIAL AND METHODS
Study area. The 'Abra de Bilbao' is a semi-enclosed bay located close to the mouth of the Nervión River on the Bay of Biscay, on the North coast of the Iberian Peninsula (43°20' N, 3°01' W). Tides are semidiurnal with a maximum amplitude of about 4.5 m. The greatest depth is about 30 m. On the left bank is located the Port of Bilbao, which is now enlarging its facilities. Along the right side of the 'Abra de Bilbao', a long cliff drops towards the sea, although there are also several human constructions in the innermost part. The tidal part of the Nervión River has for many decades been subjected to an enormous loading of untreated sanitary sewage plus other industrial effluents (see Table 1 ). The pollutants which most adversely impact receiving waters within the bay include organic suspended solids and industrial waste (Gorostiaga & Díez 1996) . Benthic communities are made up almost exclusively of marine organisms since the Nervión River discharge affects mainly surface waters due to a strong stratification of water masses along the bay (Rallo et al. 1988) . By contrast, the amount of suspended particles introduced from the river mouth and the resulting high turbidity and sedimentation levels have been claimed as determining factors in the simplification of such communities (Rallo et al. 1988 , Saiz-Salinas & Isasi-Urdangarin 1994 , Gorostiaga & Díez 1996 , Saiz-Salinas & Urkiaga-Alberdi 1997 , 1999a . Decreases in loading of several pollutants to the estuary are attributed to the general recession of the classical industry and to the better sewage treatment practices developed during the last 15 years. With the start-up of primary treatment in 1990, approximately 12 400 kg d -1 of total suspended solids were removed from domestic sewage loading into the estuary (Gorostiaga & Díez 1996) , a feature which could help the bay to recover some algal species in locations where they were previously absent.
Concerning the present study, a total of 11 sampling stations were selected (Fig. 1 ). Eight were inside the 'Abra de Bilbao', the remaining 3 on the coastline outside it. Among them, Kobaron (Stn K) is regarded as the reference or control station, since waters coming from the Nervión River are transported eastward by currents and, therefore, it is not affected (Orive 1989 , Gorostiaga & Díez 1996 .
Sampling and processing. In summer 1998, sublittoral destructive samples were obtained from each of the 11 stations. They were collected at 5 m depth (below 0 tide level) using SCUBA. In all cases horizontal, photophilous surfaces on hard substrata were chosen and 3 replicates of 0.04 m 2 (20 × 20 cm quadrats) were scraped off (Villalba & Viéitez 1985 , Ambrogi et al. 1988 , Rallo et al. 1988 , Hatcher 1995 . All the macrobenthic components were placed in plastic bags and transported to the laboratory. Later on, bag contents were frozen to await processing, since freezing Fig. 1 . The study area 'Abra de Bilbao' showing the sampling stations: K, Kobaron (= reference site); P, Punta Lucero; Z, Zierbena; S, Santurtzi; L, Las Arenas; E, Ereaga; B, Abasotas; A, Arrigunaga; G, Punta Galea; N, Meñakoz; X, Matxilando is recommended rather than chemical preservation as a method of storage for subsequent biomass measurements (Hatcher 1995 , 1997 , Ricciardi & Bourget 1998 . Additional qualitative samples of certain species were collected to verify taxonomic identities in the laboratory.
During the processing, samples were sieved through a 0.5 mm mesh screen. Separation of macrofauna was done to different aggregation levels, as described below. Macroflora were considered as a whole with the purpose of recording a single basic measurement of autotrophic biomass. Weight determinations of each sorted component were taken as ash free dry weight (AFDW). Initially, dry weights (DW) were obtained after desiccation in a oven at 100°C for 10 h. Ash weights (AW) of the same fractions were measured after incineration in a muffle furnace at 450°C for 10 h. AFDW values were obtained by subtracting DW -AW.
Biotic data aggregation: several criteria. In order to fulfill the third of the objectives proposed, macrofauna separation was carried out to several aggregation levels and according to different criteria. Organisms were not quantified at species level, with the exception of 2 large-size bivalve species, Mytilus galloprovincialis and Ostrea edulis, which exhibited the greatest biomass values. A procedure involving biomass quantification at species level is not always necessary and even is highly time-consuming (see 'Introduction'). Nevertheless, species were identified (without any type of quantification) in order to obtain one of the diversity measures (total number of species, S). Due to the sampling methods employed, members belonging to Porifera and Hydrozoa had to be excluded from the species identifications.
The first criterion applied was taxonomic, by which biomass data of the samples were pooled into phyla. The second criterion was functional, with 2 different choices: aggregation by trophic groups and aggregation by what we called trophic 'metagroups'. Identified trophic groups included primary producers, suspension feeders, herbivores, carnivores, detritivores, and omnivores. Only 3 trophic metagroups were defined: primary producers, suspension feeders and 'others', since algae and suspension feeders were considered the main types among the various trophic strategies recorded on the 'Abra de Bilbao' hard bottoms. Furthermore, a fauna/flora biomass matrix was also constructed. As a result of the combination of both criteria (taxonomic and trophic), there were cases in which a more exhaustive taxonomic sorting was needed (cases in which a single trophic behaviour could not be attributed to a phylum). We searched for the minimal number of taxa needed to fulfill both criteria, which resulted in 29 mixed taxa (phyla, classes, orders and sometimes species), including 2 bivalve species, regarded as different from other bivalves due to their great biomass contribution (Ostrea edulis and Mytilus galloprovincialis). Hence, the sorting procedure was reduced to those 29 'minimal taxa' plus the algal fraction, although a recording of all the species present in the samples was carried out, as mentioned above.
The fourth, practical criterion was applied a posteriori to the complete data set of minimal taxa. According to the field and laboratory experience, 17 high-level taxonomic taxa were subjectively proposed ('proposed taxa'), which were never under the category of suborder and could be easily identified and sorted. Also, 13 taxa were directly selected from the minimal taxa, under the condition of accounting for more than 1% of the average biomass along the 11 stations ('high biomass taxa'). All the analyses were carried out on the basis of the 8 data sets obtained, according to a progressive order of simplification in the number of organism groupings: 1, Minimal taxa (+algae); 2, Minimal taxa; 3, High biomass taxa; 4, Proposed taxa; 5, Phyla; 6, Trophic groups; 7, Trophic metagroups; 8, Fauna/Flora. A scheme of all the organisms regarded within each level and of the correspondences between them appears in Table 2 .
Analysis of data. For each replicate and sampling site, several biomass-related parameters and indices were calculated: total macrofaunal biomass (A), total macrofloral biomass (V), total assemblage biomass (B), the ratio macrofauna/macroflora (A/V, indicative of whether autotrophic or heterotrophic dominance) and the ratio of dry weight/ash free dry weight (D/A, indicative of the assemblage's investment in calcified structures). Also, a number of diversity-related indices were obtained for each replicate and sampling site: total number of species (S), Hill's first and second numbers (N 1 and N 2 diversities), evenness (J ') calculated as H ' -H ' max , and Margalef's richness (d). With the exception of the last index, the unifying system for diversity and evenness of Hill (1973) was adopted. The DIVERSE program of the computer software package PRIMER was employed using logarithms to base 2. All the indices were based on the biomass figures of every aggregation level data set. Consequently, 'n' (abundance) in the formulae was replaced by biomass of the groups given in Table 2 .
In order to record and interpret spatial patterns in the hard bottom assemblages from the area, multivariate analysis techniques were used. Biomass matrices of all the aggregation levels previously defined were employed in the routines of the computer software package PRIMER. Representation of communities was accomplished by classification and ordination techniques (Field et al. 1982 , Gray et al. 1988 , Clarke 1993 , Clarke & Warwick 1994 ) based on Bray-Curtis and log(y + 1) transformed dissimilarity matrices of biomass mean values. Classification of stations by hierarchical agglomerative clustering (groupaverage linking CLUSTER) was followed by non-metric multidimensional scaling (MDS) as an ordination method. This representation of the biotic pattern among stations was carried out using all the aggregation levels mentioned above. The indicator organisms which most contributed to the differences observed among the assemblages sampled were found out by means of the SIMPER program. This technique (Clarke 1993) computes average dissimilarities between all pairs of inter-group samples, followed by computations of the contributions of each taxon, giving standard deviations for the values, as a measure of how consistently a species contributes to the average dissimilarity.
RESULTS

Community structure
Biomass-related parameters derived from 11 sampling stations ( On the other hand, readily apparent is the existence of a sharp pattern of increasing total biomass towards the central part of the area, where the maximum value, mentioned, above, is reached at Stn E.
A more detailed approach is obtained by considering the relative importance of macrofauna and macroflora components as a whole. Fig. 2b shows the weight of the animal and Table 2 . Schema of the organism categories considered inside each aggregation criterion and level. Correspondences between the organisms in the table have been conserved when possible, by including them in the same text line (this was impossible in the case of the functional criterion) algal fractions at each assemblage, as well as the ratio A/V. Another spatial pattern is observed along this plot, which follows the same trend as that described by the total biomass curve. In contrast with the previous recorded sampling site arrangement, however, in this case, the curve is clearly expanded to the outermost sampling sites. Algae become relevant at the 2 extremes of the adjacent coast area, outside the 'Abra de Bilbao'. Within the bay, animals account for most of the biomass. In general, the dominance of macrofauna (A/V) is seen to be somewhat related to a high production of calcified structures (D/A), as can be inferred from direct comparison between the 2 curves. Nevertheless, at the innermost stations (Stns L and E), calcified structures decrease, indicating certain differences within the faunal component. A total of 107 macrofauna species were identified: Mollusca, 36 (33.6%); Arthropoda (Crustacea), 35 (32.7%); Annelida (Polychaeta), 18 (16.8%); Bryozoa, 7 (6.5%); Echinodermata, 5 (4.6%); Cnidaria (Anthozoa), 3 (2.8%); Sipuncula, 2 (1.8%); Platyhelminthes, 1 (1.9%). Mollusca were the dominant phylum at almost all the stations, followed by Arthropoda (Crustacea) and Annelida (Polychaeta) (Fig. 2c) . According to the classification into the feeding groups established, primary producers and suspension feeders account for the majority of the benthic biomass of the 'Abra de Bilbao' and adjacent waters (Fig. 2d) . Among the animals, the detritivorous strategy is noteworthy at Santurtzi Stn (S), whereas a relative higher trophic diversity is a characteristic of Stn Arrigunaga (A).
The different indices of diversity agree in general (Fig. 3 ). They present, once more, a clear spatial pattern in the distribution of benthic biomass along the studied sites. Central stations show the lowest values of diversity (Hill's N 1 and N 2 , and Margalef's index) and equitability (J ' evenness), in contrast with the more marine influenced, algae-dominated outer stations. In the case of N 2 (the reciprocal of Simpson's dominance index), by using trophic data, both Stn K and the group formed by Stns L, E and B are very close to the lowest value of 1 (total dominance). Furthermore, in the case of Stn L, other taxonomic data (e.g. phyla) produce very similar results, due to the strong predominance of molluscs at this station (see Fig. 2c ). The visual effect of displaying diversity values for each of the aggregation levels in the same plots has the additional advantage of indicating new aspects of the assemblages. In fact, the representation of trophic group diversity shows that the 'innermost' and 'outermost' areas are less trophically diverse, due to animal or algal dominance respectively. This leads us to consider the intermediate stations (Stns P, Z and A) as the most trophically diverse, although macrofaunal diversity tends to be the greatest towards the outermost (most marine-like) areas. On the other hand, the Arrigunaga (A) sampling station, in spite of being located within the 'Abra de Bilbao', proved to be an outstanding location, both in terms of taxonomic and trophic diversity. This feature is better shown by Hill's N 1 and N 2 .
Analysis of spatial differences
Bidimensional representations of the MDS ordination analysis are shown in Fig. 4 . Two obvious groups or clusters of stations are segregated along the first 5 aggregation levels employed: on the one hand, Stns Z, S, L, E, B and A, which form a clear grouping on the left side of the MDS; and on the other hand, Stns K, P, G, N and X, which integrate a quite scattered grouping on the right side. These 2 clusters can be geographically separated on the map (see Fig. 1 ), i.e. they represent 2 poles of the already mentioned 'inner-outer sites' axis, which is somewhat linked to the direction of the Nervión River discharge. MDS representations produce a rather different arrangement of the stations when the functional criterion is applied. In fact, the last 3 analyses display the sampling stations in 3 separated groups. The one formed by the outer stations (Stns K, P, G, N and X) is again maintained, while the remaining stations are grouped into a pair of new clusters: the innermost stations (Stns S, L and E) versus intermediate stations (Stns Z, B and A). These intermediate stations, however, appear more closely related to the outermost stations than to the innermost ones. All the MDS plots are associated with values of stress that fall into the categories of 'excellent' representation or (in the case of proposed taxa) of 'good' ordination (Clarke 1993) . Table 3 shows the results of SIMPER analysis for each aggregation level. We were seeking dissimilarities between the clusters of stations previously established in the ordination plots (Fig. 4) . Accordingly, 3 types of intercluster combinations are possible under the functional criterion of trophic groups and metagroups. If minimal taxa are considered, the most outstanding feature is the importance of 2 bivalve species (Ostrea edulis and Mytilus galloprovincialis). These are responsible for a great amount of the dissimilarity, in terms of biomass, between the outer and the inner groups of sampling sites. The inclusion or exclusion of algae in this level of analysis (thus regarding all the species of algae as a minimal taxon) was insignificant in the ordination of the sites, while they appear Other bivalves, as well as some detritivorous gastropods (belonging to the genus Hinia), are also responsible for differences observed, but less than Cirripedia. Other relevant taxa are the bryozoans, sedentary polychaeta and anthozoans. It can be said that the results of the remaining aggregation levels are basically the same, with some degree of progressive simplification. This fact points towards the idea of a coherent, inclusive model of aggregation in the processing and treatment of data. However, some points deserve to be further considered. First, Mollusca and Arthropoda (Crustacea), apart from being the phyla with the highest biomass in the area studied (see Fig. 2c ), are very sensitive in separating the types of assemblages found, since they contribute largely to site groupings. Moreover, at the 'high biomass taxa' level, 5 taxa belonging to these 2 phyla account between them for 75% of the cumulative dissimilarity (Cumδ i %). Second, the analysis performed by using the subjectively proposed taxa is less dependent on the aforementioned organisms and includes some other taxa, such as Bryozoa, Sedentaria, Anthozoa and Porifera. Finally, a different perspective is acquired when a trophic point of view is considered. In fact, the rearrangement of organisms into these new, functional categories resulted in a 3-cluster organization, which is explained by the biomass values provided from the different feeding strategies. The most marine-like stations (Stns K, P, G, N and X) are separated from the rest mainly due to primary producers and suspension feeders, based more significantly on primary producers when comparing with the innermost stations (Stns S, L and E) and on suspension feeders when dealing with the intermediate ones (Stns Z, B and A). On the other hand, dissimilarities between innermost and intermediate sites are mainly due to primary producers and other types of trophic strategies (detritivores, omnivores and suspension feeders, to a similar extent). Summarizing, the clusters of stations obtained under this functional criterion are an indication of the prevalent trophic status of the assemblages' species. Thus, in the case of the innermost sites of the area studied they are represented by suspension feeders. In the most external or open-sea stations, algae are the most important component in terms of biomass; and in the intermediate zone of the 'Abra de Bilbao', the main characteristic is a mixture of both suspension feeders and algae. Moreover, macrofauna other than suspension feeders are capable of delimiting differences among the sites located within the 'Abra de Bilbao', as is the case for the detritivores or the omnivores.
DISCUSSION
The study of the community structure on rocky surfaces of the 'Abra de Bilbao' by means of univariate measures has proved to be useful in characterizing different types of assemblages along the sublittoral zone of the area. Parameters such as the amount of living matter (biomass) per surface area or the differential contribution of fauna and flora to assemblages clearly reflect the gradient of environmental disturbance that is affecting the macrobenthos. Overall community biomass increases towards the most disturbed zone (innermost parts), due to the proliferation of microphagous animals, mainly suspension feeders with calcareous exoskeletons that form conspicuous beds (mussels, oysters and barnacles) on the hard bottoms. The lack of macroalgal dominance over photophilous bottoms has been discussed earlier for the investigated area, both intertidally (Saiz-Salinas & Urkiaga-Alberdi 1997) and subtidally (Saiz-Salinas & Isasi-Urdangarin 1994). The present study provides new data on fauna and flora biomass. In fact, the edge of the sea is a suitable habitat for plant growth in temperate latitudes, especially the sublittoral zone (Mann 1973 ). However, the success of suspension feeders in the 'Abra de Bilbao' bay is explained by a combination of modifying factors, such as suspended solids and wave exposure. Suspended solids have 2 main contrasting effects on rocky communities. On the one hand, large amounts of suspended solids in the water column can cause physiological stress to algae, since turbidity reduces light availability for photosynthesis (Hartnoll 1983 , Hiscock 1985 , Rogers 1990 ; see for the study area Gorostiaga & Díez 1996) . On the other hand, suspended solids enriched with organic matter represent an important source of potential food for suspension feeders, as has been noted by Gili & Coma (1998) on the basis of the optimal foraging theory. In this sense, the work of Navarro et al. (1996) on feeding mussels in closed systems is of particular interest. The best optimal nutritional conditions were obtained artificially with mixtures of phytoplankton and bottom sediments of 40:60 and 25:75 (microalgae:sediment). Increased absorption rates allow greater amounts of ingested food to be processed at greater efficiency and, as a final result, growth is enhanced. Nevertheless, it is necessary to note that excessive levels of turbidity (causing siltation) are known to be detrimental Table 3 . Results of SIMPER analysis on each aggregation level. Taxa are ranked according to their average contribution (δ i ) to dissimilarity between groups. The values of standard deviation (SD(δ i )), the ratio δ i /SD(δ i ), and the percentage of cumulative dissimilarity (Cumδ i %) are also given. In the cases of trophic groups and metagroups, similarities are calculated between 3 pairs of station groups (and not 2 as in the other levels), since 3 clusters were obtained after the classification analysis to many epibenthic species, either by smothering or clogging their feeding mechanisms (Gray 1979 , Hiscock 1983 ; see for the study area: Saiz-Salinas & IsasiUrdangarin 1994). However, our findings are somewhat in contradiction with the expectations provided by models of dominance curves in stressed ecosystems using biomass measures (ABC model: Warwick 1986 , Warwick et al. 1987 . In these models, a stage with faunal biomass dominance (biomass dominated by a few species with large individuals in low numbers) is interpreted as non-stressed or unpolluted (Warwick 1986 , McManus & Pauly 1990 . By contrast, the hard bottoms of the 'Abra de Bilbao' tend to accumulate large amounts of community biomass (due to large sized animals, mainly suspension feeders) in degraded places. It is remarkable to note that any other planned research which had considered exclusively the algal fraction without animals would have better matched the expected trend of increasing biomass dominance towards less stressed conditions (with very high values at the reference station). Indeed, the expectations of the ABC model have been criticized from theoretical positions (see the consideration of McManus & Pauly 1990 about the model's assumption that communities generally tend towards an equilibrium). Moreover, its validity has been questioned by studies showing inadequate classifications of several sites in relation to their previously known ecological stress levels (see, for example, Dauer et al. 1993 ). According to Gray et al. (1988) , the ABC model may be valid both for some classes of macrobenthic communities and stresses but not for others. In the case of the present study, data on abundance are lacking and, unfortunately, it has not been possible to perform such analyses to date. However, several points concerning biomass values from hard bottom communities can be positively sustained.
Two points should be considered in understanding the dynamics of the hard bottoms of the 'Abra de Bilbao': Firstly, the biomass dominance approach is sensitive to both human induced pollution and natural disturbance (Lardicci & Rossi 1998) . Secondly, the 2 well-defined macrobenthic components (algae and animals, mainly suspension feeders) represent the existence of 2 contrasting biotic strategies competing for the cover of the same space. Both features are probably behind the observed pattern, weakening the utility of the biomass dominance approach of the ABC technique. A different approach including the main factors affecting hard substrate communities in the 'Abra de Bilbao' is needed in order to understand all the mechanisms involved.
The great amount of suspended solids and the associated turbidity play a fundamental role in determining whether fauna or flora are dominant, as has already been discussed (but see also Mettam 1994 , Gabriele et al. 1999 ). In addition, the presence and abundance of suspension feeders on hard substrata has been highly correlated with wave exposure (for the intertidal zone, Ricciardi & Bourget 1999 present a complete review). Accordingly, we propose that a combination of both factors (turbidity and exposure) would explain the spatial distribution of total benthic biomass and its animal or vegetal nature in the subtidal conditions of the 'Abra de Bilbao'. Wave exposure is particularly relevant along the whole area investigated (Gorostiaga & Díez 1996) with lower effects at the innermost part of the bay, where the river mouth is located. Its water discharge mainly affects the inner part of the bay, although a lesser influence has been noted towards the open sea (Rallo et al. 1988) . On that basis, suspended solids constitute the prevailing stressing factor at the innermost sites of the 'Abra de Bilbao' and their effect is superimposed on wave exposure at the rest, with a decreasing influence towards the 2 outermost areas investigated. Suspension feeders are known to be promoted by strong water movement, a feature which provides larger food supply and prevents the negative effects of excessive turbidity mentioned above (Hartnoll 1983 , Hiscock 1983 , Kluijver 1993 , Hily & Jean 1997 , Ricciardi & Bourget 1999 . In addition, sheltered zones in temperate coasts are usually dominated by macroalgae, in the form of a continuous cover or canopy that may occur from the high shore to the sublittoral zone (Hiscock 1985 , Norton 1985 , Jenkins et al. 1999 . These considerations would lead to a distribution of faunal biomass different from that found in this study. However, turbidity is a disturbing factor that alters this scheme in the 'Abra de Bilbao'. Suspension feeders remain the dominant faunal group despite the general algal dominance in the outermost parts of the area (see Fig. 2d ). The inner stations, by contrast, are completely dominated by suspension feeders, which even replace the macroalgae on photophilous substrata. Castric-Fey (1996) found that strong currents were responsible for exuberant subtidal flora on the North Brittany coasts (France), and discussed the differences between the effects of either current-or wave-dominated zones for hard-bottom communities. Turbidity was reported as the ultimate cause of the decline of Fucus on the shallow bottoms of the Kiel bay by Vogt & Schramm (1991) , where Mytilus edulis became dominant after a sequence of biotic and abiotic interactions. As for biotic factors, the relevance of certain invertebrate predators (mainly starfish) in preventing substratum monopolization by mussels is well known in literature (Sebens 1985 , Little & Kitching 1996 . By contrast, the absence of such predators was claimed to be the main reason for a bivalve dominance on hard bottoms of the Baltic Sea (Littorin & Gilek 1999) . This is also the case of the 'Abra de Bilbao', where the great magnitude of abiotic factors is considered to determine the composition and structure of benthic communities. The almost exclusive role played by environmental factors is in accordance with other studies of sublittoral hard bottom assemblages carried out on semi-enclosed marine areas of Northern Europe (Kluijver & Leewis 1994 .
Diversity measures are frequently not considered sensitive enough to detect subtle changes in the composition of communities (Warwick & Clarke 1991 , Dye 1998 , Lardicci & Rossi 1998 , nor sufficient by themselves to assess pollution effects (Hughes 1978 , Washington 1984 . However, while it can never replace a more exhaustive study, a diversity index can be an important tool in benthic monitoring studies, especially when large temporal changes or spatial differences are expected (Gray & Pearson 1982) . Moreover, diversity measures exhibit the advantage of providing a value judgement of the results obtained (Warwick & Clarke 1991) , despite the long theoretical controversy surrounding them. In the present study, the highest values of diversity appear at those sites farthest from the mouth of the Nervión River, i.e. at the most open-sealike stations. In general, the spatial pattern detected by the diversity-related parameters is the same as that produced by biomass-related parameters, thus matching the 2 types of community measurements in their results. A gradation from the optimal conditions for marine life found at the reference station towards the highly stressing characteristics of sites S or L is well captured through all these synthetic parameters of community structure.
The intermediate disturbance hypothesis put forward by Connell (1978) represents a genuine contribution in relating diversity to environmental stress. In the study area, the exuberant vegetation found in opensea conditions is accompanied by high taxonomic diversity values of the faunal component, which, in turn, is likely to be promoted by the microhabitats supported by the algal structure itself (Harris 1990 , Hily & Jean 1997 . In addition, wave disturbance increases from the inner bay towards more marine-like conditions along the outer stations. According to the synthetic model developed by Menge & Sutherland (1987) , where exclusion competition and high recruitment occur, diversity is at its highest at intermediate rates of disturbance, as could be the case of the 'Abra de Bilbao'. Therefore, we suggest that intermediate conditions of stress occur at geographically intermediate and outermost stations, mainly due to their higher wave exposure. The rest of the investigated area is under larger stressing conditions, given by the addition of wave exposure and higher turbidity levels (see Fig. 5 ). In this context, low diversity sites due to low rates of disturbance have not been observed in the 'Abra de Bilbao' and adjacent coast. Accordingly, our hypothesis is that such conditions could be found in a similar bay lacking the turbid discharge of a river.
For the trophic criterion, diversity measures present their minimal values at both extremes of the investigated area, not only in its innermost part. The greater the algal canopy, the greater the dominance of the algal fraction and the lower the trophic diversity. On the other hand, the autotrophic predominance at the outer stations is supporting a high faunal diversity, whereas the dominance of suspension feeders at the inner stations represents, in terms of faunal biomass, comparatively less diverse communities. According to Huston's (1994) model on species diversity and the expectations of this faunal descriptor using different trophic groups, the peak diversity is reached differently after a combination of trophic levels and disturbance rates. For instance a given frequency and intensity of disturbance would eliminate more species at higher trophic levels. Summarizing, the intermediate disturbance situation defines the point at which the total diversity is most evenly distributed among several trophic groups. In the study area, the geographically intermediate stations at Stns P, A, G and N are the most diverse from the functional perspective of the feeding type. Among them, Stn A also presents a high taxonomic diversity. So, given the existence of the aforementioned arrangement of sampling sites along the hard bottoms studied, the station at Arrigunaga (A) could be regarded as a 'key' place, with transitional features between the two major groups of stations. As Fig. 5 . Schematic representation of the magnitude of the disturbance caused by the most important abiotic factors upon the macrobenthic communities of the 'Abra de Bilbao' hard bottoms and their differential effect on faunal diversity along the axis innermost -outermost (marine-like) zones many ideas on biomonitoring can be traced back to the concept of ecological succession (Jan et al. 1994) , we could interpret the dualism of this station as an indication of the temporal changes that are taking place within the 'Abra de Bilbao', which are by now quantitative (changes in taxa proportions) rather than qualitative (changes of taxa) in many places. A decrease in suspended solids and water pollution from industrial waste has been noted since 1988 (Gorostiaga & Díez 1996) , as a consequence of the implementation of a sewerage scheme in the city of Bilbao and its conurbation area. A number of changes are expected to occur gradually from a highly stressed condition towards healthier ones. Although the high biotic quality of the reference site is unlikely ever to be found at the most river-influenced parts of the 'Abra de Bilbao', changes relative to benthic biomass such as those expected for Arrigunaga (A) station should be considered in the near future. Multivariate analyses are powerful statistical tools in establishing groups of similar biotic characteristics along the spatial pattern observed by univariate measures. Therefore, the 2 types of analysis can be regarded as complementary techniques. While the most striking groupings obtained in the results correspond to the relative positions of the 'outer' and 'inner' stations in the MDS plots, the trophic criterion is able to distinguish further intermediate conditions. All this leads us to consider and better propose the validity of the various types of data matrices used for the monitoring of hard bottom communities. From a taxonomic perspective, Olsgard et al. (1997) pointed out the low level of information loss where strong gradients occur, provided that higher categories were employed, even when specimens were identified to the phylum level. That is the case of the 'Abra de Bilbao', as has already been suggested (Urkiaga-Alberdi et al. 1999 , PagolaCarte & Saiz-Salinas 2000 . Furthermore, in our study, the information provided by taxonomic-based approaches is practically the same as that obtained by the analyses carried out on the basis of other criteria and levels. In this way, Warwick (1988a,b) indicated that the use of higher taxonomic levels might lead to certain theoretical advantages in environmental studies, besides representing practical facilities. Among the advantages, a lesser influence of confounding natural variables was noted after using higher taxonomic levels, a feature that makes it easier to detect pollution effects. In the sublittoral of the 'Abra de Bilbao' we have verified the effect of obtaining additional information by means of the trophic criterion. In fact, a third group of stations was even discernible in the intermediate part of the bay, which showed features, in terms of the biomass of the different trophic components, between the other 2 major groups of sites, as reflected by the results of the SIMPER analysis. It is precisely in that intermediate area (Stns Z, B, A) where the effect of the environmental improvements on the benthic communities could most easily be detected in the coming years. Our expectations are that relevant changes will occur on the sublittoral bottoms of this part of the bay towards typical open-sea photophilous conditions (algal dominance, high taxonomic diversity).
The ability of benthos to integrate environmental conditions over time has been previously noted in many studies (Bilyard 1987 , Gray et al. 1990 , Diaz 1992 , Jan et al. 1994 ). In the case of the hard bottoms studied here, this fact is again corroborated from different approaches (which we have called criteria) and across a wide spectrum of levels in each case. Two relevant considerations arise from this last point. Firstly, a great weight of evidence is obtained from both univariate measures (see Fig. 2 ) and multivariate techniques (MDS plots and organisms selected by SIMPER results) illustrating how fauna and flora biomasses are strongly influenced by environmental conditions. The fact that animals tend to monopolize the rocky substrata in the 'Abra de Bilbao', correlates fairly well with lower biomass figures at intermediate areas where the ratio A/V is close to 1. At both sides of this area, one of the 2 biotic compartments dominates, increasing the total biomass of the assemblage as well as the distance from a balanced A/V ratio.
Secondly, the redundancy shown by the biota is substantial in the benthic communities studied. The different aggregation criteria and levels used produced the same result regarding the spatial arrangement of the sampling sites. What is more, the information provided by the 'animal minimal taxa' level, either including or excluding the algae is remarkably similar. The results of the SIMPER analyses point also in the same direction, since a small proportion of the taxa considered in each case is enough to capture the main differences between the groups of stations. The exception is the case of 'proposed taxa' because a greater number of discriminating taxa were selected. It is our belief that a better definition of aggregation levels following objective criteria rather than subjective or even random selection of taxa would provide the best results (but note, in this context, the results of Gray et al. 1988 , Clarke & Warwick 1998 ). In conclusion, even when the relative importance of fauna and flora has been already emphasized, the several techniques employed in this study reveal the sufficiency of macrofauna for positive use in further monitoring of the area.
On the basis of all these considerations for the 'Abra de Bilbao', a number of conclusions can be drawn regarding the monitoring of hard bottom macrobenthos: (1) The A/V (fauna/flora biomass) ratio on hard bottoms seems to be a sensitive tool for detecting both exposure and turbidity effects in marine zones affected by river discharges and reveals itself to be a potential indicator of adverse effects by suspended solids. In addition, a more detailed study using exclusively the macrofaunal component might be enough to fulfill a satisfactory monitoring programme. Nevertheless, further research on similar environments is needed before extending the practical application of our findings to other areas all over the world. (2) There exists a high degree of redundancy on sublittoral assemblages of rocky shores, allowing the development of more costeffective monitoring programmes, by means of the employment of several criteria and levels of data aggregation. (3) The use of several techniques of analysis is not only necessary to assure the consistency of the results (Warwick 1993 , Jan et al. 1994 ), but also recommended in order to obtain further contrasting conclusions from the same data set. In fact, small differences in results obtained with different methods of analysis (univariate, multivariate) or different types of data aggregation (taxonomic, trophic, mixed approaches) may provide other subtle information from the sample site. In our study, Stn A (Arrigunaga) proved to be a 'key' location within the group of stations exhibiting intermediate adverse effects. In this case, our results suggest that the environmental recovery of the area might be taking place faster in those intermediate zones. (4) In view of all the above considerations and recognizing that a community gradation positively reflects the gradient of environmental stress (Pearson 1981) , the study of spatial differences using biomass values appears to be a realistic way of beginning longterm monitoring in other pollution-stressed areas.
